The significance of nodal metastasis as a prognostic factor in colorectal cancer is universally recognised and accepted. This article discusses the various factors that govern lymph node harvest and how to improve that. We will discuss the outcome of lymph node harvest as a possible form of auditing the surgical technique and the pathologist dedication.
Context
Lymph node status plays a central part in all staging systems including the most widely used Dukes' staging and the TNM (1) (2) (3) .
The aim of successful oncological surgery is the complete removal of the tumour and the lymph node draining basin whilst an essential aspect of a good histopathological report is to inform on the various prognostic parameters which include the lymph node status. There is important association between higher nodal yield and survival, particularly for node negative disease (4, 5) . However, in node positive colorectal cancer the concept of lymph node ratio may be a better prognostic parameter although the impact of this concept is still not universally implemented. Guidelines usually recommend a minimum of 12 lymph nodes to be recovered from a resection specimen as standard, yet such evidence is questionable. The use of neoadjuvant chemoradiotherapy in the treatment of mainly colorectal cancer including down-staging in rectal cancer paradoxically suggests that the presence of smaller of lymph nodes or occasionally complete absence of nodes are associated with improved survival (6) hence using a strict number of lymph nodes as a quality measure is probably not always appropriate.
Nodal metastasis is a well-known prognostic indicator for long term outcome and prognosis because it influences patients' selection for further treatment such as chemoradiotherapy (7-12).
Factors That Govern Lymph Node Yield
It has been observed that there is large amount of variation in nodal yield amongst colorectal surgeons and some of these factors rely on the surgeon or the pathologist.
Tumour Factors
Studies have demonstrated that poorly differentiated carcinomas and tumour with advanced T-stage result in higher nodal yield, probably due to the fact that poorly differentiated tumours stimulate stronger immune response within the body (13) (14) (15) . This would be probably explained by the possibility that a potent immune response which could be elicited by the adverse prognostic factors rather than to an actual increase in the number of lymph nodes retrieved from the specimen.
Anatomical Location
Many studies have demonstrated that, in colorectal cancer, the number of lymph nodes decreases from proximal to distal location (13) (14) (15) (16) (17) (18) and been significantly a smaller number of lymph nodes in the sigmoid colon and the rectum which contain fewer and smaller lymph nodes. Some studies have shown that more lymph nodes could be retrieved along the distribution of the superior mesenteric artery compared to the inferior mesenteric vessels (19) (20) (21) . 
Age
Studies have shown that there is an inverse relationship between patient's age and the lymph node yield from the resection specimens of colorectal cancer. Shen et al. (14) shown in a study of 434 consecutive colorectal cancer specimens that the mean number of nodal yield was higher in patients age ≤ 60 vs. > 60. The likely one explanation is that older patients have a weaker immune response compared to young individuals (22) . In addition, involution of lymphoid tissue with advancing age is an additional factor together with the tendency of the surgeons to perform less radical resection in older individuals to decrease the risk of post-operative complications. Luperto et al. (23) showed that lymph node yield from colorectal cancer specimens is affected by factors such as age, sex, BMI and tumour size together with the use of neoadjuvant chemoradiotherapy.
Surgeon and the Workload
Good evidence in the literature is present suggesting that the nodal yield in colorectal cancer is a quality measure of the care provided by the clinicians and pathologist (20, (24) (25) (26) (27) . In a study from the United States between 1989 and 2005 with more than 1000 patients involved and 40 surgeons, Dillman et al. (20) showed that fellowship training and case volume are correlated strongly with the number of lymph nodes retrieved from the resection specimens. In this study 77% of fellowship trained doctors had more than 12 lymph nodes retrieved vs. 63% of the nonfellowship trained doctors. A study by Shaw et al. (28) also showed that colorectal surgeons are better in getting more lymph nodes than the general surgeons.
Pathologist
The pathologist role in lymph node retrieval has always been of utmost importance. Rieger et al. (29) compared the number of lymph nodes from resections performed by a single high volume surgeon at two different hospitals with 2 separate pathology departments. In this study, the median lymph node yield was 10 and 19 for the 2 separate departments respectively. One study showed that biomedical scientists identified more lymph nodes within specimens than consultant pathologists as they dedicated more time to the task (28) . A more recent study (30) showed that the dedication of the pathologist has a critical role on the number of lymph nodes detected but had no effect on survival raising the argument on why spend extra time and effort to dissect more lymph nodes. However, the number of patients in this study was small and the follow up period was short.
Strategies to Improve Lymph Node Yield
Techniques to increase the number of lymph nodes from colorectal resection specimens have been established for many years (31) (32) (33) . Gilchrist and David a surgeon from Chicago (34) , in 1938 introduced fat clearing technique that required using chemicals that included substances that have been proven later to be toxic. This fact with the excess time needed to process the specimens and the additional costs have been the main reasons for the lack of its wider implementations. In our hands however we used special vacuum extractor and took no longer than 2 extra days (35) . An undeniable fact is that the use of these methods can greatly increase the number of lymph nodes from colorectal resection specimens (31) (32) (33) . Wang et al. (36) on the other hand had a simple approach by immersing of the fat in pure alcohol for up to 48 hours and this lead to a significant increase in the number of retrieved lymph nodes from the colorectal resection specimens and ultimately more patient upstaged. This technique is simple, safe and cheap. The application of these techniques is important in rectal cancer specimens for neoadjuvant chemotherapy as this treatment has been shown to greatly reduce the number of retrieved lymph nodes from these sorts of specimens. Wang et al. stated that the use of lymph node clearance method enhanced the mean number of lymph nodes from 5.2 to 17.3 and led to a significant increase in the number of lymph nodes which contained metastatic carcinoma (36) . This finding is important especially in advanced staged disease as the patient can be offered further treatment such as adjuvant therapy. One study demonstrated that up to 83% of the lymph nodes recovered following fat clearance methods ranged in size from 1 -5 mm and up to 4.4% of these lymph nodes contained metastatic tumour (37) . Dias et al. (38) also showed that Carnoy's solution resulted in more lymph nodes and fewer specimen containing less than 12 lymph nodes. Tattooing also shown by Okada et al. to increase the number of retrieved lymph nodes by up to 51% by making these lymph nodes more visible during the dissection stage (39).
How Many Lymph Nodes Needed for Accurate Staging and Are Twelve Lymph Nodes Enough?
The recommended minimum number of lymph nodes yield of 12 was highlighted in the 1990 working party report to the world congress of gastroenterology in Sydney (40) and this was based on data published in 1989 from nonrandomised observational one-centre study involving 103 colorectal cancer specimens by Scott and Grace (33) . Scott and Grace found that when at least 13 lymph nodes are examined histologically, more than 90% of the specimen con-2
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taining nodal metastases. Nelson et al. (41) in 2001 also showed that examining 12 lymph nodes would identify lymph node positivity in more than 90% of times. Further studies also recommended using minimum lymph node count that ranged from 7 -40 (42) (43) (44) . This wide variation may be related to dissimilar statistical endpoints such as detection of metastatic nodules vs patient's outcomes and more relevant, to the median or mean number of lymph nodes examined.
Does the Lymph Node Ratio Relate to Prognosis?
It has been highlighted in the literature that due to the variability of the number of lymph nodes between individuals it is more appropriate to show the percentage of positive nodes rather than the absolute number. The lymph node ratio is defined as the ratio of positive lymph nodes and the total number of lymph nodes retrieved from the specimen. This was first highlighted by Berger et al. (45) . However, the question remains regarding the exact number required in order to predict outcome but evidence suggest that a higher lymph node ratio equates to worse prognosis. Vather et al. (44) showed that the 5 year mortality of 40% -45% relates to lymph node ratio value of 0 -0.10 and this increased to 80-90% with lymph node ratio value of 0.91 -1.0. Wang et al. (46) showed that the 5 year overall survival is 64.8% with a lymph node ratio of less than 0.07, 56.2% with a lymph node ratio ranging between 0.07 -0.25, 45.1% with a lymph node ratio of more than 0.25 -0.50 and decreasing to 29.6% when the lymph node ratio is more than 0.50. However, whilst recent studies support the evidence of lymph node ratio, an attempt to retrieve as many lymph nodes as possible when examining colorectal cancer specimens remains the gold standard as by definition the lymph node ratio still depends on the number of lymph nodes retrieved from these specimens.
Should Lymph Node Yield be Used as a Measure of Quality Control?
Lymph node yield has been adopted by many as a quality measure in colorectal cancer as the data is simple and associated with prognosis, however, as stated earlier it is important to highlight that the number of lymph nodes resected from colorectal cancer specimens depends highly on a variety of parameters that are independent of the quality of care. So it is neither fair nor scientific to always put the blame on the surgeon or the pathologist if the number is less than 12 but advise if such figure cannot be achieved on regular basis then a discussion between the pathologist and the surgeon should take place to discuss the issue and hence satisfy the audit process.
Conclusions
1. Lymph node yield is essential for accurately staging colorectal cancer specimens.
2. Fat clearance methods enhance the number of lymph nodes retrieved from these specimens and the pathologist remains an important factor in the retrieval of as many lymph nodes as possible and this should be used as an auditing tool.
3. Using various figures are optimal number needs to be re-evaluated. As stated earlier there are numerous factors which influence lymph node yield and the quality of the surgery is only one of them. Taking that into consideration we feel that lymph node yield should be used as but not the sole indicator of good surgery. Therefore, it could be used as an auditing tool by the pathologist.
